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RESULTS OF AN EXPERIMENTAL PROGRAM 
TO PROVIDE LOW COST COMPUTER SEARCHES 

OF THE NASA INFORMATION FILE 
TO UNIVERSITY GRADUATE STUDENTS IN THE SOUTHEAST 

By Frederick 0. Smetana and Dennis M .  P h i l l i p s  
North Carolina Science and Technology Research Center 

INTRODUCTION 

Thorough diffusion of scientific and technological information 
throughout  the industrial community is a slower and more uncertain process 
than  i s  generally real ized. 
i n  a paper p r in t ed  i n  a scient i f ic  journal or presented before a technical 
society or as a detailed a r t i c l e  i n  a trade journal. Unfortunately, even 
the rare engineer, scientist, or  industr ia l is t  who is  acutely cognizant of 
the benefits t o  his act ivi ty  which  can accrue by thorough and repeated 
perusal of the literature i n  his field can seldom spare time from his i m -  
mediate responsibilities t o  engage i n  manual l ibrary searches or even t o  
read a number of journals regularly. He therefore tends t o  rely less on 
personal knowledge of outside advances and more on solutions which  require 
no new methods or  materials. 

Originally such information usually appears 

T h i s  a t t i tude a l so  seems t o  pervade corporate management col- 
lectively. Most industries spend less than two or three cents of each 
sales dollar on "research," I t  is  not very suprising, then, that  new 
scient i f ic  or  techno1 og i cal i nforma ti on-whic h almost a1 ways requires 
rather extensive development and hence considerable commi tment of capital 
resources t o  b r i n g  about a commercial ly-successful product or process--is 
not eagerly sought. Also, as a result of this philosophy i n  industry, 
the individual who rises to  positions where he is  able t o  direct the a l -  
location of resources seldom has practiced and improved his scient i f ic  
and technical skills t o  the p o i n t  where he can make valid judgements on 
the adaptability of new technology to  his activity.  He is therefore un- 
derstandably reluctant t o  commit himself t o  a course whose implications 
he does not ful ly  understand. 

Despite this slow di f fus ion  of new technology i n t o  industrial 
practice, the generation of sc ien t i f ic  and technical information continues 
a t  an ever-increasing pace. I t  would appear then t h a t  the opportunity for 
new and improved products and processes is  today greater than ever before. 
Also, if  the United States is  t o  mairrtain i ts  position i n  the commercial 
markets of the world, i t  is  mandatory that i t  employ i ts  superior capital 
resources i n  the development of new products and processes t o  compensate 
for  i ts  higher labor rates.  



In the search for means to  increase the diffusion of this new 
technology, a t  least  two factors seem evident: 
must be placed on faster ,  more economical means of information retrieval 
such as that based on computer technology; ( 2 )  those individuals l ikely 
to reach positions of technical responsibility rapidly either i n  industry, 
government, or education, must be shown the advantages of more extensive 
l i terature  reviews and the saving i n  time possible by performing such re- 
views by computer. 

The group most l ike ly  t o  a t ta in  this position rapidly and 
which is a t  the same time receptive to  innovation and capable of percep- 
tive evaluation consists of university graduate students i n  science and 
engineering. T h i s  group, together w i t h  their professors, also is  the 
most numerous, technical ly-sophisticated group extant i n  many regions o f  
the country. I t  is for these reasons that  a long-term program was under- 
taken w i t h  the suppor t  of the National Aeronautics and Space Administra- 
tion to  provide university graduate students i n  science and engineering 
w i t h  low cost , computer-based 1 i terature searches i n  support  of their 
thesis problems. T h i s  is a report on the f i r s t  year of the program's 
opera t i on. 

(1) increased reliance 

PLAN OF ORGANIZATION 

T h i s  program was undertaken by the North Carolina Science and 
Technology Research Center (STRC), an agency of the State Government of 
North Carolina, which already operates a computer-based information re- 
trieval act ivi ty  for industrial and academic subscribers. The program 
was supported by the National Aeronautics and Space Administration (NASA) 
under Contract NSR 34-007-005, Task No. 3. I t s  principal resource is the 
tape f i l e  prepared by NASA for  i t s  own ac t iv i t ies  and which i s  the basis 
of the abstract journals Scientific and Technical Aerospace Reports (STAR) 
and International Aerospace Abstracts (IAA) , 

Regular operations of STRC are supported joint ly  by NASA and 
the State of North Carolina. Industrial and academic clients pay a per- 
search charge of $75 which, experience has indicated, i s  sufficient t o  
cover the direct  costs o f  computer time, clerical  labor and reproduction 
of some documents. Subscribers receive free of charge copies of perti- 
nent documents retrieved by the search. 

limited budget, NASA provided funds t o  subsidize search costs. A $5 fee 
was s e t  for service to  graduate students. For this fee,  the student re- 
ceived a computer-produced bibliography and/or abstracts of documents 
identified by the computer. Each student was limited t o  one search and 
any documents reproduced would be a t  a charge of 5& per page. T h i s  was 
done to  encourage the students t o  use the service and t o  obtain an i n d i -  
cation of the fee level they would support. 

Realizing that the average graduate student operates on a very 

, 
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Authorization t o  proceed w i t h  the program was received i n  
May 1967. Efforts were then directed toward having the program ready for 
ful l  operation by September. The marketing material and campaign were 
prepared. Forms for monitoring the act ivi ty  and recording the students' 
needs and impressions of the program were also prepared. Several prelim- 
inary searches were conducted t o  determine (1) the extent t o  which a stu- 
den t  might prepare his own search strategy and (2) the extent t o  which 
the NASA f i l e  would serve the needs of students i n  the l i f e  sciences and 
chemistry. These preliminary searches revealed tha t  t o  obta in  a good 
search i t  was necessary t o  employ the services of a trained engineer fa- 
miliar w i t h  the search system and the indexing philosophy. Evaluation of 
the search o u t p u t ,  however, was l e f t  to  the student, a departure from the 
usual practice a t  the Center. 
cribers is screened by a s taff  engineer and pertinent documents identified 
before the search is  sent t o  the customer. 

Each search o u t p u t  for  comercial subs- 

The preliminary searches also revealed tha t  support for stu- 
dents i n  the l i f e  sciences and some areas of chemistry was l ikely t o  be 
limited. For this reason the marketing plans d i d  not include heavy em- 
phasis in these departments. 

Miss Becky Walker was assigned the task of keeping a l l  the re- 
cords on the program, serving as the students' p o i n t  of contact w i t h  the 
Center, and coordinating the various ac t iv i t ies  w i t h i n  the Centtr relative 
t o  the program. The assign- 
ment of one person t o  this  act ivi ty  throughout  the l i f e  of the experiment 
is regarded as of significant benefit t o  maintaining good relationships 
with the students and i n  securing a h i g h  degree of response t o  the u t i l -  
i ty questionnaires e 

within two weeks of their  conference w i t h  a Center engineer. T h i s  delay 
was necessitated by the fact  tha t  the NASA Search Program (designated 
NLSS 11) i s  a long program which for economic reasons was r u n  only once a 
week. During periods when many students wished service, the engineers re- 
quired considerable time t o  prepare the strategies and substantial time 
was needed t o  code and key punch the required cards. As a resu l t ,  not 
every request could be processed d u r i n g  the week i n  which i t  was received. 

f i l l ed  w i t h i n  one week. 

She also assisted i n  the marketing effor t .  

Usually, the students were provided with computer printouts 

Requests for  abstracts and documents from local sources were 

The program was alloted 150 subsidized searches. Actually, 
155 were processed before service was discontinued i n  early Spr ing  1968. 

Table I l i s t s  the search t i t l e s ,  the department and insti tution 
of the requestor, the number of hits produced by the search, and the number 
of documents ordered by the student. Table I1 presents the subject cate- 
gories of these documents and Table I11 gives a summary of the document 
categories for  a l l  searches. 
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The in i t i a l  mai 1 i n g  of the program announcement posterbee 
p a g e  113) p lus  an explanatory article was made t o  the student news- 
papers a t  eleven institutions (nine state and two private) J n  North 
Carol ina which have. accredited graduate programs. Most featur 
article. The release also appeared i n  the official bulletin of North 
Carolina State University. Later, the announcement was sent t o  each 
o f  the academic departments a t  North Carolina State (55) and several 
briefing sessions were held a t  Duke, N .  C. State, and the University 
of North Carolina a t  Chapel Hill. This effort resulted i n  about sixty 
student searches by early December. Department Heads and faculty d i d  
not promote the program; the biggest boost came from satisfied fellow 
graduate students. 

A t  this p o i n t  the decision was made t o  extend the marketing 
effort t o  eight other universities i n  the Southeast. The graduate deans 
were contacted and asked t o  arrange meetings a t  which a representative 
of STRC could inform the students and faculty of the program. This ef- 
fort  resulted i n  about eighty searches. Additional contacts were also 
made i n  North Carolina which produced the remaining searches. 

Conspicuous by thejr absence were mathematics students 
Further, only two physics students chose t o  conduct searches. The 
NASA information system is rather heavy i n  these areas and fruitful 
results are t o  be expected. When questioned about the reason for 
this situation, a physics professor replied t h a t  i t  was his opinion 
tha t  most physics professors and probably most mathematics professors 
f e l t  they wkre the'generators of 'the information i n  the NASA collection 
o r  a t  least aware of it: i t  was therefore suDerfluous t o  conduct a 
search of the fi le.  T h i s  attitude apparently was also reflected by 
the students i n  those disciplines. 
l i fe  sciences paid t o  conduct searches on the barest chance t h a t  some- 
t h i n g  useful would turn up. 

By contrast many students i n  the 

These contrasting views seem t o  be related t o  the t rad i t ion  
or state of fement i n  various disciplines. In physics and mathematics 
a graduate student enters a given branch and usually works i n  this area 
throughout his professional career. Th i s  is  the expected 

rs he becomes acquainted w i t h  the others worki 
personally-and reads the journals i n  which they publish. 
s become rather t i g h t - k n i t  groups which have l i t t l e  serious 

professional contact w i t h  other scientists. 

Biological scientists have a similar t rad i t ion .  Meverthe- 
less, the unusual national emphasis on their problem areas which has 
developed w i t h i n  the last few years, coupled w i t h  a growing realization 
on their par t  t h a t  natural %ienc@ has developed many advanced analyti-  
cal and experimental tools which may have application i n  their fields 
has led biological scientists t o  search for information outside the 
usual channels. 
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Engineers are expected t o  marshal a l l  the sc ien t i f ic  knowledge 
available i n  f ie lds  applicable to  the problem a t  hand i n  order t o  supple- 
ment their  experience when undertaking the design of new systems. Since 
the problem areas tradit ionally vary, no one individual  can hope t o  keep 
u p  i n  a l l  the f ie lds  necessary. Hence there has always been a greater 
willingness on the part of engineers t o  seek information from sources out- 
side their  usual professional circles.  T h i s  a t t i t ude  also seems t o  be 
communicated by the faculty to  the students. 

Mechanical and Aerospace Engineering-the department receiving the most 
intensive marketing effort--approximately half of the graduate students 
who had selected a thesis topic b u t  had not finished their research chose 
t o  conduct a search. Some wanted t o  insure t h a t  they had been sufficiently 
thorough i n  their  previous l i t e ra ture  searches; some wanted t o  see how an 
automated search operated; some relied primarily on the computer search 
for a beginning t o  their  research problems. The diversity of reasons given 
by these students for conducting a search leads one t o  conclude t h a t  50% 
of the prime group is the largest fraction which  one can reasonable expect 
will take advantage of the program. 

A t  North Carolina S ta te  University studies indicated t h a t  i n  

DESCRIPTION OF SEARCH SYSTEMS 

Two search systems were used during this  program. The one most 
frequently used was the NASA Linear Search System supplied by NASA for  use 
on IBM 1410 computing equipment. T h i s  system uses magnetic tape for f i l e  
residence. The other system used was the STRC Inverted Search System, de- 
signed and developed by Center personnel. This system uses IBM 360/75 
equipment and employs 2314 disk drives as  f i l e  residence. 

The NASA Linear Search i s  an Information Retrieval System de- 
signed exclusively t o  process the NASA da ta  base. North Carolina Science 
and Technology Research Center operates this  system on an IBM 1410 with 
40,000 word storage capability and six tape drives. T h i s  machine is  the 
property of the P h i l l i p  Morris Tobacco Company of Richmond, Virginia. 
Searches were processed dur ing  this period on a weekly basis,  w i t h  one 
batch of searches being processed per week. 
l izes  an IBM 1401 located a t  the Duke University Medical Center as  an 
o u t p u t  printer. 
routine has a da ta  f i l e  of approximately twenty 556 BPI density magnetic 
tapes, containing approximately 300,000 postings. The search routine uses 
a pseudo-Boolean logic format, and has the capability t o  search on acces- 
sion number, author, corporate source, or any of several other parameters. 
The search o u t p u t  may be arranged i n  accession number order,or i n  any one of 
several other formats. 
data available on a l l  entries.  T h i s  ci tation da ta  includes accession num- 
ber, author, corporate source i f  any, t i t l e ,  notation of content, and in- 
dex terms. 

In a d d i t i o n ,  the Center u t i -  

Industrial rates are paid for both machines. The NLSS 

STRC engineers usually request the ful l  ci tation 

The program has been modified t o  include a h i t  limit, which 
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causes the machine t o  discontinue the processing of any search when this 
h i t  l imit  has been reached. A complete description of this  system may be 
seen i n  Reference 1. 

STRC has coded a search routine for  use on an IBM 360/75 which 
processes an inverted f i l e  which is  mounted on 2314 direct  access storage 
devices. The program i t se l f  i s  written i n  Fortran, and u t i l i zes  assembler 
language sub-routines to  f ac i l i t a t e  da ta  transfer.  IBM u t i l i t y  f i l e  man- 
agement routines are ,ut i l ized to  manipulate the f i l e .  The f i l e  used i n  
the Graduate Student Program occupied approximately 217 cy1 inders of an 
IBM 2316 disk-pack. A study was conducted t o  determine the optimum 
blocking factors and storage parameters to  be used i n  the f i l e  loading 
process. Results of this analysis are shown i n  Reference 2. The search 
routine processes accession numbers i n  a simple Boolean logic format, with 
provisions for  logical "and," 'lor," and negation. The o u t p u t  of this 
system i s  an accession number string, displayed i n  such a fashion as t o  
show the user the o u t p u t  of each individual operation as the search pro- 
gresses. Rapid turn-around i s  possible between the user and the machine 
which enables him to  prepare more t h a n  one search profile for submission 
t o  the machine, and permits h i m  t o  refine his search strategy as he ex- 
amines the o u t p u t  of each successive search. 

As the o u t p u t  string is  accession number only, i t  is necessary 
t o  p u l l  and copy abstract cards for  a l l  accession numbers i n  order t o  pre- 
sent the students w i t h  a complete search. 

I t  must  be emphasized t h a t  this search system was s t i l l  i n  a 
developmental stage a s  i t  was being used in this program. More recent re- 
finements to  the search routine and data manipulation schemes have improved 
i ts  operational characteristics beyond those 1 isted i n  this report. 

DISCUSSION OF PRICING CONSIDERATIONS ON THE NLSS SEARCHES 

North Carolina Science and Technology Research Center has an- 

I t  was determined that  computer time for  a search pro- 

alyzed the NASA Mod I1 Linear Search System i n  an effor t  to  define the 
principal parameters which determine the computer time required t o  process 
any given search. 
cessed i n  batch processing mode was proportional t o  the number of query 
terms, number of h i t s ,  and number of searches per batch. 
tha t  the search routine is compute-bound ( i * e . ,  the computer i s  processing 
a t  i ts  maximum internal speed and is  not delayed by tape-drive speed) and 
that  there i s  not  preferential selection of terms o r  unsymmetrical d i s t r i -  
bution of postings t o  bias search processing, then one may write t h a t  the 
time to  process a search i s  given by: 

If one assumes 
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where T = time to  process question 
9 

Nt  = number of query terms per question 

N,, = number of hits. 

The constant A is proportional to  the amount of time the machine requires 
t o  process a given term. T h i s  is  a function of the number of postings 
(tape length) which the machine mus t  process. The constant B is propor 
tional t o  the number of hits which must be sorted, formated, and p r i n t e d .  
The constant C is related to  the number o f  searches processed per batch. 
Based upon the rental rates paid by STRC for  IBM 1410 computer machines, 

'4 

"'I 

" I  
.a 

A = 4.05 $/term 

B = 0.135 $/hit  

C = 1.54 $/search. 

T h i s  simple model has been proven to  be accurate w i t h i n  a few per cent i n  
predicting the total cost for  any batch of searches for  w h i c h  there are no 
errors or abnormalities w i t h i n  the search population. T h i s  formula was I 

used to  cost a l l  linear searches processed on the Graduate Student  Program. 

costs incurred on the IBM 360/75 were easily obtained. Generally, the 
cost is directly proportional t o  the number of postings processed per 
search . 

Since the inverted searches were run one a t  a time, computer 

OPERATIONAL DATA 

STRC realized a t  the beginning that  this program would be a 
good opportunity t o  analyze the operational characteristics of a retrieval 
system i n  that  the study involved a well-defined group. Consequently, 
careful efforts were made to  insure that accurate and detailed s t a t i s t i c s  
of the operational functions were kept, As a means of recording a l l  work 
and time charged directly to  any particular search, simple work order 
sheets were drawn u p  which followed each search as i t  progressed through 
the Center. Any employee who devoted his time t o  a particular search en- 
tered that time i n  the appropriate area of the sheet. 
abstract or document copies were made, either by reproduction from micro- 
fiche or by Xerox copying, the number of total  pages, the number of docu- 
ments or abstracts, and the time required to  process was recorded directly.  
As a result, the Center was able to  assess t o  a rather h i g h  degree of ac- 
curacy those costs which were to be charged directly to  a search. 

In addition, if 
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The usual processing routine involved a study of the search 
topic by the STRC Applications Engineer responsible for the search. He 
was required t o  pose the student's question i n  terms of the appropriate 
vocabulary and t o  establish the correct search logic. After he had fin- 
ished this activity,  he recorded his i n i t i a l s  and the time required on 
the work order, and passed his work with the sheet along t o  the employees 
responsible for transferring his statement of the search onto computer 
load sheets from which control cards were key-punched. The time required 
for both these clerical functions was recorded. 
was returned, those parameters essential t o  a description of the search 
o u t p u t  such as number of key word terms, postings t o  be processed, number 
of hits, and a simple count of the Boolean operands was entered. A copy 
of the search was then mailed t o  the student so t h a t  he might evaluate i t  
and request any abstracts o r  documents. From this p o i n t ,  except for a 
few cases i n  which errors occurred, necessitating revisions t o  search 
strategy and reruns, a l l  manpower functions. were of a s t r i c t ly  clerical 
nature, and involved only reproduction of abstracts and documents. 

The machine search population was f i r s t  divided i n t o  linear 
and inverted search categories. 
lation should be subdivided t o  ref lect  the response of those students who 
ordered abstracts and/or documents as opposed t o  the response of the total s 

population. 
was along the following lines: 

When the machine's o u t p u t  

Then i t  was seen that the student popu- 

I t  was established t h a t  the most descriptive categorization 

I .  Linear Searches 

A. All linear searches 
B. All linear searches from which abstracts were ordered 
C .  All linear searches from which documents 'were ordered 

11. Inverted Searches 

A. All inverted searches(al1 inverted searches usually included 

B. 

a copy of a l l  abstracts i n  the original published search.) 

Inverted searches from which documents were ordered. 

Since the inverted search was used only i n  a developmental 
sense, the population i s  heavily in favor of the linear searches. 
twelve inverted searches were r u n ,  and of these, only two students ordered 
documents from STRC a s  a result  of these searches. 

Only 

The d i s t r i b u t i o n  of man hours fo r  searches as categorized above 
is  g iven  i n  Table IV, On a general basis, engineering time involved ap- 
proximately 30% of a l l  l abo r  charged, 15% was required for correspondence 
and other secretarial functions, and clerical labor accounted for 55% of 
a l l  time. 
time, 0.83 secretarial hours, and 2.92 clerical hours. This clerical time 
was separated into 0.53 hours loadsheet preparation, 0.55 hours key-punch 

The average linear search required 1.87 hours of engineering 
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and 1.35 hours t o  p u l l  and reproduce abstract cards. Since the abstract 
card f i l e s  were not complete, i t  was necessary t o  cut abstracts from the 
publ ished journals i n  order to  obtain a complete l is t .  This, of course, 
increased the average time required t o  supply abstracts t o  a student. One 
may obtain a reasonable idea of the manpower costs t o  process a search by 
applying cost weighting factors t o  the hourly averages shown. Approxi- 
mately 60% of search manpower costs are accountable t o  engineering , 
secretarial help,  and 32% t o  cler ical .  ( I t  is interesting t o  note tha t  
the engineering time for these linear searches for  students who subse- 
quently ordered documents was 2.25 hours and 1.87 hours for the to ta l  
linear search population as  a whole.) 

The manner by which computer costs for linear and inverted 
searches were obtained has been described ear l ier  i n  this report. Table V 
gives a breakdown of costs-per-search based upon these methods. The cate- 
gorization is  the same as  that for Table I V .  
are given which  show the characteristics of the search from an operational 
standpoint and from the students’ point of view. 

The average cost per search for the linear system was $119.11. 
An attempt was made t o  draw some s ta t i s t ica l  inference from the data, so a 
s tandard deviation was computed. ‘ 

was not normal since the computed standard deviation was $68.47. 
age number of hits per search was 363.86, and the average number of terms 
was 18.05. 
$109.54 w i t h  16.52 terms and 309.68 hits. The average inverted search 
computer cost was $24.23, w i t h  an average of 17.58 terms and 147.00 hits. 
Those l inear searches from which  documents were ordered showed s l i g h t  de- 
parture, i n  that  they had 20.62 terms and an average of 344.00 hits. 

In addition, other figures 

I t  i s  seen that the search population 
The aver- 

This compares to  the standard STRC industrial search cost of 

STRC uses two Relevancy Factors for evaluating i ts  linear 
searches. These are 

- No. of abstracts ordered from search 
No. of hits RF#1 - 

and 
No. of documents ordered from search 

No. of hits RF#2 = 

The ra t io  of RF#1 t o  RF#2 gives the number of abstracts ordered 
t o  the number o f  documents ordered. 

The value of RF#1 for linear searches was approximately 0.1, 
ind ica t ing  that  students ordered abstracts for one-tenth of those acces- 
sions l is ted i n  the computer output. The  ra t io  of documents ordered to  
number of hits was 0.008, indicating that students ordered about one doc- 
ument for every twelve abstract cards received. These values improve sig- 
nificantly when the population is  subdivided i n t o  groups as discussed 
above. For those ordering‘abstracts and documents, the average value of 
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RF#1 was .15, and the value of RFH2 was 0.12 for the f irst  subgroup and 
0.28 for  the second. Only 53 of the 155 searches i n  the program produced 
searches from which documents were ordered. 
indicated that  by the time they received their search they had no further 
requirement for  papers and used the search output only to  confirm their 
personal manual searches. S t i l l  others stated that  they found documents 
i n  their  own l ibrar ies  Nevertheless only a relatively small percentage 
of the students considered the searches of sufficient value t o  encourage 
them to invest f ive cents per page for printed copy. 

TableiVI gives a summary of pages and documents ordered by the 
students along w i t h  the reproduction rates and characteristics of those 
documents. The great majority of a1 1 documents ordered were reproduced 
from microfiche u s i n g  a Recordak copier. For those students requesting 
documents from 1 inear searches, the average number of documents requested 
from a l l  sources was 8.40, requiring reproduction of 25.21 pages from 
microfiche. Approximately two documents per search were obtained from 
NASA supplies or from the STRC library,  and 1.5 were reproduced from ori- 
ginals u s i n g  a Xerox copier. T h i s  required approximately 1.75 hours labor 
time t o  reproduce 25.21 pages, showing a ra te  of 14.4 pages per hour. 

These figures also show the use of complete abstract l i s ts  for- 
the inverted searches. As contrasted w i t h  the linear searches, the average 
inverted search required 52 pages of Xeroxed abstract cards. 

In certain instances , students 

RESULTS OF USER SURVEY 

Table VI1 presents a complete l i s t  of the user responses to  
the following questions: 

1. 

2. 

3.  

4. 

5. 

6. 

Of what value was the information retrieved by this search? 

Do you feel such a service would be generally useful to 
most graduate students preparing theses and/or research 
papers? 

What is  your feeling as  t o  the amount other students would 
be w i l l i n g  t o  pay for such service i n  the future? 

What type of employment do you expect t o  pursue upon com- 
pletion of your degree program? 

Would you recommend to  your future employer the use of 
information retrieval services such as this?  

Do you care to  make any additional comments on this program? 

10 
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From the 155 students for  whom searches were run, 144 responses 
were obtained. 

The students generally appeared t o  be satisfied w i t h  the results 
of the experiment. This i s  significant i n  tha t  the students performing the 
evaluation of the service represent one of the largest homogeneous ( i n  terms 
of education) groups t o  test the NASA data bank and retrieval system. 
i s  interesting t o  note tha t  many students i n  aerospace-related disciplines 
fe l t  their search was adequate, yet they d i d  not order documents. 
investigation of some of these cases revealed tha t  the pertinent documents 
were either already known t o  the student (who often had conducted a manual 
search prior t o  running a computer search) or were obtained from the Uni- 
versity l ibrary as a result of the search. The studepts were critical of 
the fact t h a t  many NASA-pertinent documents known t o  them, particularly 
those i n  the journal literature, were either unretrievable (due t o  indexing 
or strategy problems) or not included i n  the system. 
students i n  fields unrelated t o  aerospace often ordered documents for back- 
ground information or  assistance i n  instrumentation, analytical $ or  exper- 
imental techniques even though  l i t t l e  of direct pertinence t o  their research 
problems was retrieved. 

In spite of these deficiencies, the students fe l t  t h a t  if the 
service were continued most graduate students would f i n d  i t  useful. 

A fee of $10 was regarded by most as the maximum which  students 
could be expected t o  support on a routine basis from their own funds.  A t  
higher fee levels students tended t o  feel they could better afford the time 
t o  conduct manual searches. Many expressed the view t h a t  the service is  
really worth $75 b u t  t h a t  they could not afford i t  a t  t h a t  level. In this 
connection i t  is  interesting t o  note t h a t  two universities paid the $5 
search cost for each of their students involved in the program. A number 
Qf other students were supported t o  this extent by departmental or project 
funds. I t  is  thus not unreasonable t o  expect t h a t  university libraries-- 
a t  the urging of the academic departments--will take steps i n  the near 
future t o  make this service regularly available t o  a l l  graduate students. 

a One can easily appreciate the increased productivity and efficiency which  
such a service enables a given l ib rary  facility t o  provide. 

A disquieting feature of the results is  t h a t  fewer than 40% of 
the students using the service plan  t o  enter industry or  business. The 
majority plan t o  remain i n  education or enter government service. This 
suggests t h a t  those sections of society which have t rad i t iona l ly  attracted 
the major fraction of the research-minded and the innovative individuals 
i n  this country will continue to  do so. Business and industry thus are 
not likely t o  be staffed w i t h  a large number of ind iv idua ls  familiar w i t h  
the benefits and operation of such an information retrieval program. Pos- 
s ib ly  as more government officials and educators become familiar w i t h  i t  
and speak of i t ,  industry and business generally will begin to  respond, 
b u t  this is likely t o  be an extended process. 

I t  

Personal 

On the other hand, 
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In general, the chief objection t o  the service was i t s  lack of 
inclusiveness. Although some of the students' disappointments were recall 
failures resulting from faul ty  indexing or search strategy, the majority 
were due t o  lack of coverage i n  the fi le.  While no single system can be 
a l l  inclusive, the NASA f i l e  is  of limited uti l i ty t o  students i n  the d i -  
verse areas of chemistry and biochemistry, for  example. As noted above, 
even i n  the space-related fields, the NASA f i l e  contains only selected 
items from the journal literature. Since this selection is of necessity 
arbi t rary,  some students do not retrieve articles they are aware of from 
other sources bu t  which they feel should have been retrieved in a search 
of the NASA f i le .  

signed t o  categories for purposes of detailed analysis and correlation. 
Table VI11 presents the results. 

dents - Approximately 36% of the students were investigating problems 
which could not be classified as directly aerospace-related. 
ber, however, 58% ordered one or more documents. 
here tha t  unless the document was a NASA publication, the student was 
charged 54 per page for reproduction. 

The user responses shown Sn detail i n  Table VI1 were t h  

The f i r s t  classification i s  the interest areas of the respon- 

Of this num- 
I t  should be recalled 

The percentage of non-aerospace-related students ordering 
documents i s  perhaps inflated when compared w i t h  t h a t  which one would 
obtain i n  a random non-aerospace population since a11 of the students 
using the system investigated the relative abundance of citations in 
their subject areas before contracting for a search. 

lems, 63% ordered one or more documents. This i s  not significantly greater 
than  for the non-aerospace group. 

In the group of students investigating aerospace-related prob- 

Approximately 30% o f  the respondents were working i n  those 
areas in which  NASA i s  the leading generator of information. 
of these students ordered documents. 

Only half 

There appears to  be a small difference i n  the student's opinion 
of the value of the service whether he ordered documents or not. A t  least 
58% of the students i n  each population were favorably impressed w i t h  the 
service while 77% of the aerospace-related students who ordered documents 
indicated their approval. 

I t  is interesting tha t  as a result of their experience more 
students would recommend the service t o  other graduate students t h a n  were 
impressed themselves. 

Only 30% o f  the students thought  graduate students would be 
willing t o  pay more t h a n  $10 for search service. 

12 
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The students generally were w i l l i n g  t o  recommend the use of 
coniputerized information retrieval t o  their  prospective employers, ir- 
respective o f  their  interest  areas or success w i t h  the present trial as 
measured by documents ordered. 

O f  the students participatincj i n  the study 3.9% indicated a 
desire t o  see the da ta  base expanded. Significantly, these were students 
who had already examined the contents of the system before having the i r  
searches run. Another 19% suggested changes i n  procedures and pricing 
policy. The remainder of the students were ei ther  satisfied w i t h  the 
results or offered no comments. 

CONCLUSIONS 

The program t o  provide subsidized searches of the NASA infor- 
mation bank t o  graduate students preparing theses was well-received. If 
the program is maintained and expanded, i t  is reasonable t o  expect t h a t  
i t  will result  i n  higher qual i ty  research and research administration i n  
the United States w i t h i n  a very few years. Students generally found doc- 
uments relating t o  their  research they would not have found otherwise and " 

most were impressed by the ease and speed w i t h  which this was done. Stu- 
dents i n  the natural sciences appeared t o  receive considerable assistance 
i n  the area of instrumentation and experimental and analytical techniques. 
T h i s  cross-fert i l ization should have a salubrious effect  on the quality of 
research i n  the natural sciences i n  the next few years. Students i n  the 
physical sciences and engineering generally were impressed w i t h  the fac t  
that  few areas of research are not being actively pursued; one has only 
the problem of f ind ing  their  reporting media, 
t icularly incumbent upon researchers to  avoid needless duplication. In 
general the students found that  the computer made avoidance of duplication 
easier than ever before and a l so  turned up help i n  particular investiga- 
t ions.  I t  is therefore reasonable t o  expect--and indeed the survey res- 
ponses indicated th is - - tha t  researchers familiar w i t h  computerized re- 

, tr ieval will recommend i t s  use t o  their  superiors as an economical and 
productive tool .  

In this  climate i t  is par- 

A primary objective of the Technology Uti l izat ion Program is 
the mo$e rapid diffusion of new technology in to  commercial industry, Un- 
fortunately fewer than 40% of the respondents t o  the user survey (92% o f  
those graduate students for  whom searches were run) indicated an interest  
i n  entering business and industry. 
acquainting graduate students i n  science and engineering w i t h  the NASA 
data base and computerized retrieval i s  not a highly eff ic ient  means t o  
accomplish this objective. Some means m u s t  be found t o  present signifi-  
cant technological developments i n  simple terms t o  undergraduate students 
expecting t o  enter commerce, finance, and manufacturing and to  have them 
recognize the existence of a source from which they can ga in  such infor -  
mation i n  the future. 

I t  seems evident, therefore, t h a t  

13 
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1 The interest  i n  the present experiment shown by students of 
mathematics and physics seems indicative of a continuing trend i n  these 
disciplines toward insulation from the rest of the scient i f ic  community, 
a trend which, i f  continued, seems destined to  lead t o  s t e r i l i t y  and 
fiscal  starvation. 

Operationally, the program s t a t i s t i c s  i l l u s t r a t e  the almost 
obvious conclusion that those searches t o  which the assisting applications 
engineer devoted the most effort  and used the most search terms were the 
most productive, The cost experience of the average graduate s tudent  
search was approximately 10% greater than normal for industrial sub- 
scribers b u t  this can be attributed t o  the desire of the graduate student 
for - a l l  the relevant references i n  the f ie ld  rather than some. 

RECOMMENDATIONS 

j 
. ..J 

1. 

2. 

3.  

4. 

5,  

6. 

a. 

The program t o  provide search service t o  students preparing graduate 
theses should be continued and expanded. 

The cost per search should be limited, by government or university 
subsidy i f  necessary, t o  an average of $15. 

1 

A mechanism should be found t o  expand the data base i n  order t o  
serve a larger fraction of the student populat ion.  

Efforts should be made t o  develop those portions of the NASA f i l e  
dealing w i t h  systems and program management in to  a separate package 
which can be searched for  students in graduate schools of business. 

Consideration should be given t o  developing a program i n  technical 
and economic information retrieval su i tab le  for use by business 
undergraduates. 

Indexing and abstracting coverage of the journals a1 ready reviewed 
for  the NASA f i l e  should be increased. 

New approaches should be developed t o  encourage the use o f  the 
service by students of mathematics and physics. 

14 
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NAMES AND LOCATIONS OF PARTICIPATING UNIVERSITIES 

Name Location A bbrev i at i on 
II 

North Carolina State University Raleigh, North Carolina NCSU 

The University o f  North Carolina 
at Chapel Hill Chapel Hi 11 , North Carolina UNC-CH 

Duke Uni versi ty Durham , North Carol i na 
Clemson University C1 emson, South Carol i na 

Georgia Institute o f  Technology Atlanta , Georgia 
BO~tnan Gray School o f  Medicine Winston-Salem, North 

Carol i na 

The University o f  Tennessee Knoxvi 11 e , Tennessee 
Virginia Polytechnic Institute Blacksburg, Virginia 

Mississippi State University State College, Mississippi 

The University o f  North Carolina 

Auburn University Auburn, Alabama 

at Greensboro Greensboro, North Carolina 
e 

DEPARTMENTS ABBREVIATED IN TABLE I 

Department Ab brev i at i ons 

Mechanical Engineering 
Agricultural Engineering 
Poultry Science 
Nuclear Engineering 
Electrical Engineering 
Chemical Engineering 
Biochemistry 
Engineering Mechanics 
Civil Engineering 
Aerospace Engineering 
Soil Science 
Environmental Systems Engineering 
Ceramic Engi neeri ng 
Child Development 
Experimental Statistics 
Mineral Industries 

Vlech. Eng. 
Ag. Eng. 
Poultry S. 
Nuc. Eng. 
Elec. Eng. 
Clem. Eng. 
Bi oc h em. 
Eng. Mech, 
Civil Eng. 
Aero. Eng. 
Soil Sci. 
Env. Sys. 
Cer. Eng. 
Child Dev, 
Exp. Stat. 
Min. Ind, 

Duke 

Cl emson 

Ga Tech 

Bowman Gray 

UT 

UP I 

Miss 

UNC-G 

Au bur; 
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Graduate Student Search Program 

Technical Report No. 103 TABLE 11 June 30, 1968 

CATEGORIES OF DOCUMENTS IN EACH SEARCH 

Search 

949 

1024 

1029 

1044 

1045 

1048 

1049 

1051 

1052 

STAR 
L'ategory 

03 
11 
12 

04 
05 
06 
16 

14 

15 
23 

01 
04 
08 
10 
12 
13 
14 
20 
21 
23 
29 
32 
33 

u nc 

32 

32 

22 
23 

07 
08 
14 

Number 
Ordered 

1 
1 
5 

4 
6 
1 
1 

1 

1 
1 

2 
1 
2 
1 
5 
4 
4 
4 
1 
2 
2 
1 
2 
1 

7 

5 

1 
1 

1 
2 
3 

Search 

1054 

1066 

1068 

1080 

1083 

1088 

1089 

1091 

1092 

1102 

1105 

STAR 
Category 

04 
05 
07 
13 
16 
24 
30 

11 
12 
13 
22 
23 
33 

18 
23 

15 

14 

14 

04 

04 
05 
08 
16 
28 

u nc 

03 
12 

30 

10 

Number 
Ordered 

13 
4 
1 
1 
8 
1 
2 

1 
1 
2 
2 
2 

19 

1 
1 

1 

1 

1 

7 

1 
2 
1 
1 
1 
2 

4 
1 

1 

1 

25 



Search 

1112 

1134 

1121 

1134 

1139 

1146 

I152 

1159 

STAR 
:a tegory 

06 
07 
10 
19 
21 
24 

09 
20 

12 
19 
23 
27 
32 
33 

04 
05 
12 
16 

u nc 

06 
17 

05 
06 
07 
12 
13 
15 
17 
20 
22 
33 

06 
17 
20 
25 
26 

32 

lumber 
lrdered 

16 
4 
3 
1 
1 
1 

1 
1 

1 
1 
1 
1 
13 

5 

12 
1 
1 
2 
11 

3 
1 

1 
5 
2 
1 
2 
1 
2 
1 
7 
3 

1 
2 
2 
2 
2 

1 

Search 

1175 

1176 

1190 

1394 

1195 

1198 

1202 

1204 

1205 

1217 

1233 

STAR 
:a tegory 

19 
33 

11 

04 
15 
18 

03 

07 
21 

26 
33 

06 
07 
13 
18 
22 
33 

04 

01 
04 
13 
14 
20 
21 
20 
33 

01 
04 
16 

u nc 

06 
07 
15 
17 
18 
34 

Number 
Ordered 

1 
1 

1 

1 
4 
1 

1 

1 
1 

1 
1 

6 
1 
2 
1 
1 
4 

1 

1 
2 
6 
2 
4 
1 
2 
2 

1 
1 
1 
1 

1 
]I 
1 
2 
2 
1 

26 



Search 

1235 

1241 

1244 

I259 

STAR 
:at eg ory 

17 
1% 

23 

32 

11 
13 
14 
15 
22 
23 
26 
27 
33 
34 

lumber 
kdered 

1 
1 

2 

5 

1 
4 
7 
6 
6 
1 
4 
2 
5 
2 

Search 

1264' 

STAR 
Category 

04 
07 
08 
12 
13 
20 
22 
26 
29 
30 

Number 
Ordered 

3 
1 
1 
1 
1 
1 
1 
1 
1 
2 

The 3% documents distributed under Selective Dissemination are 
listed by category below. 

Category 

01 
04 
08 
11 
12 
14 
17 
19 
22 
23 
32 
33 

1.4 nc 

Number Distributed 

1 
7 
2 
2 
2 
1 
1 
2 
1 
2 
13 
2 
2 

*Documents ordered represent both "A" and 'IN" access! on numbers 

, 
27 



Graduate Student  Search Program 

Technical Report No. 103 TABLE I11 June 30, 1968 

SUMMARY OF DOCUMENTS ORDERED BY STAR CATEGORY FOR 155 SEARCHES 

Category Category e 
Title Number 

Aerodynamics 
Aircraft 
Auxi 1 i ary System$ 
Biosciences 
Biotechnology 
C hem i s t ry 
Communications 
Computers 
E l  ec tr i c Equ i pment 
Electronics 
Facilities, Res. & 

F l u i d  Mechanics 
Geophysics 
I nstrumenta ti on & 

Photography 
Machine Elements & 

Processes 
Masers 
Ma teri a1 s , Me tal  1 i c 
Materials, Non-Metal1 i c  
Mathematics 
Meteorology 
Navigation 
Nuclear Engi neeri ng 
Physics , General 
Physics, Atomic, 

Physics: Plasma 
Physics : Sol id State 
Propellants 
Propulsion Systems 
Space Rad i a t  i on 
Space Sciences 
Space Vehicles 
Structural Mechanics 

Support 

Mol ecu 1 ar  & Nucl ear 

01 
02 
03 
04 
05 
06 
07 
08 
09 
20 

11 
12 
13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 
32 

Thermodynamics & Combustion 33 
General 34 
Unclassified 

Total 

5 
0 
6 
53 
14 
33 
12 
8 
1 
5 

6 
18 
22 

20 

14 
13 
10 
6 
5 
14 
4 

319 
13 

2 
2 
8 
3 
1 
5 
5 
0 
45 
44 
3 
17 

436 
- 

1.1 
0.0 
1.4 
12.2 
3.2 
7.6 
2.8 
1.8 
0.2 
1.1 

a .4 
4.1 
5 .O 

4.6 

3.2 
3.0 
2.3 
1.4 
1.1 
3.2 
0.9 
4.4 
3.0 

0.5 
0.5 
1.8 
0.7 
0.2 
1.1 
1.1 
0.0 
10.3 
10.1 
8.7 
3.9 

28 
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